Paddy being the major cereal crop of India covers an area of more than 42.8 million hectares (approx.), the largest under any single crop. [4] The cultivation of rice (Oryza spp.) is usually carried out in an irrigated paddy field. After harvesting, it is dried and milled. [2] A rice grain is made up of an external husk layer, a bran layer, and the endosperm. In rice mill, the husk layer is removed from the paddy by de-husking or de-hulling, and during this process a large amount of dust is generated, especially during milling process. [5] Diseases of the respiratory system induced by occupational dusts are influenced mostly by the duration of exposure and the type of dust. [6] Rice mill workers are potentially exposed to this dust and chemicals that may have adverse effects on their respiratory health. [7] Several reports suggested that unprotected dust exposure in agricultural settings may lead to pulmonary fibrosis. [8] [9] [10] Grain dust has a long history of association with respiratory diseases and adversely effects various organs of the body. [11] Asthma has been well-documented as a result of exposure. Rice husk also has high silica content. [12] This biogenic silica may cause pulmonary disease resembling asbestosis, such as pleural thickening, fibrosis, and possibly bronchogenic carcinoma. [13] Husk generated in the rice mill is a hazardous substance, with respiratory sensitizing properties and may provoke asthma and chronic bronchitis. [14] In occupational lung disease, spirometry is one of the most important diagnostic tools. It is the most widely used, most basic, effort-dependent pulmonary function test (PFT) and can measure the effects of obstruction and restriction on lung function. [15] Periodic re-testing of workers can detect pulmonary disease in earliest stages when corrective measures are more likely to be beneficial. Such intervention includes improvement in industrial hygiene control, job transfer, or medical treatment. In addition, PFTs are assumed to have a key role in epidemiological studies investigating the incidence, natural history, and causality of occupational and environmental respiratory diseases. [16] Burdwan is one of the largest rice-producing districts in West Bengal and is the only district in the state to have both industry and agriculture. On an average, 58% of the total population of Burdwan belongs to the agricultural population.
[17]
Literature search could not reveal many documented study on respiratory morbidity among rice mill workers in this part of the country. There are only few recent studies [18, 19] in other regions of India which showed higher prevalence of respiratory morbidity among rice mill workers. In this context, this study was carried out in the district headquarter of undivided Burdwan district to find out the prevalence and pattern of respiratory morbidity among rice mill workers and to find out any association of respiratory morbidity among the rice mill workers with their background characteristics.
matErIals and mEthods
A descriptive cross-sectional study was conducted during July-December 2016 among rice mill workers of the rice mills situated at Burdwan municipality area of Burdwan district, West Bengal, India. Workers who were directly engaged in the process of steeping, boiling, milling, loading-unloading, and actively handling of rice in rice mill and who gave written consent for the study were included in the study. Workers (i) who had pre-existing known heart diseases, chronic abdominal distress, any recent gastro-intestinal, and thoracic surgery; (ii) who were seriously ill at the time of data collection and on medication for respiratory illness; and (iii) absent even after two repeat visits were excluded from the study.
In the paucity of literature in this part of the country, considering 44.2% prevalence (p) of respiratory morbidity from a study [19] in South India, standard normal deviate (Z) at 95% confidence interval, 15% relative precision, and 10% non-response, the sample size was calculated to be 248. There are 35 rice mills in the Burdwan municipality area, and 20% of the total 35 rice mills (i.e., 7) were chosen by simple random sampling (SRS) technique. Equal proportion of eligible sample population (248/7 = 35.45 = 36) was included from each selected rice mill by SRS technique. Finally, four subjects were non-respondent during data collection period, and thus 248 subjects could finally be studied (response rate = 98.42%).
The study proposal was approved by institutional ethics committee of Burdwan Medical College, Burdwan. Before data collection, permission and co-operation were sought from owners of each rice mill. The nature and purpose of the study with associated risk and benefits were also described in detail individually to the entire study population, confidentiality of their information was assured, and after that written consent was obtained from all of them.
The selected individual study subjects were interviewed u s i n g p r e d e s i g n e d , p r e t e s t e d , s e m i -s t r u c t u r e d s c h e d u l e a t t h e i r w o r k p l a c e . T h e b a c k g r o u n d characteristics (socio-demographic and occupation-related) of the subjects were noted by interviewing them. Anthropometric measurements: body weight in kilogram with the help of standardized portable adult-type weighing machine and height in centimeter by non-stretchable measuring tape, were done following standard guidelines, and accordingly body mass index [BMI (kg/m
2 )] was calculated. Physical examination of all the subjects was done with the help of stethoscope and sphygmomanometer, and privacy was maintained during physical examination of female subjects. Findings of physical examination were noted and cross-checked with relevant records (if, any). Subjects who were not eligible for the study and also for spirometry were excluded. After that individual subjects underwent spirometry procedure.
Spirometry was carried out using noseclip and separate mouthpiece for each individual, by a technically skilled person using portable, digital spirometer (Spirolab III ver. 3.4 SN312944). PFT with spirometry of all the participants was carried out at a fixed and convenient time of their working day. Before the process of spirometry and after proper demonstration of the test, all participants were explained about the steps, maneuvers, and procedures in detail and were encouraged to practice the maneuver before performing the test (as per special reference to the statement of American Thoracic Society [20] ). Individuals with abnormal test results were given primary advice and referred to consult appropriate physician.
Based on spirometry, different PFT parameters were measured: forced expiratory volume in first second (FEV1), forced vital capacity (FVC), FEV1/FVC, peak expiratory flow rate (PEFR), and FEF 25-75 (forced expiratory flow).
Individual with any abnormal spirometry findings was considered as presence of respiratory morbidity, the primary outcome variable of the study. With further specification, respiratory morbidity was classified as obstructive (mild, moderate, and severe) and restrictive (mild, moderate, and severe) lung disorders as per the findings of PFTs.
All collected data were compiled and entered into Microsoft Excel 2007. Data were checked for consistency and completeness, and then analyzed using SPSS version 20.0 software. Descriptive statistics were followed, and mean, standard deviation (SD), median, interquartile range (IQR), proportion were calculated. Respiratory morbidity (present = 1, absent = 0) was considered as the main outcome variable and background characteristics of subjects as independent variables/predictors. Chi-square test and bivariate and multiple logistic regression analysis were applied. A P value <0.05 was considered as statistically significant.
rEsults
Among 248 rice mill workers studied, none was below 18 years or ≥60 years of age, and the mean age was 38.89 ± 9.013 years; three-fourths of the subjects (75.4%) were male, and the majority were Hindu (71.77%), general caste (75%), and from nuclear family (67.74%). Of 248 subjects, 18.14% were illiterate and another 32.66% had primary-level education; nd 62.9% belonged to lower-middle socio-economic status. The median duration of smoking among 164 smokers was 10 years (IQR 5-12 years); about one-fourth workers had experience of working in rice mill for 10-14 years (median = 11 years, IQR 5-19) and almost three-fourths (74.5%) had ≥9 h average working hours per day (median = 9 h, IQR 7-9 h).
Among 248 rice mill workers, 101 (40.73%) had respiratory morbidity, as determined based on any abnormal spirometry findings, with the prevalence of obstructive and restrictive lung disorders being 24.60% and 16.13%, respectively [ Table 1 ]. Further interpretation of spirometry findings revealed that most of obstructive (65.57%) and restrictive (77.50%) morbidity belonged to mild grades.
Further analysis revealed that few background characteristics of participants such as age, average duration of working hours per day, duration of working experience (years) in rice mill, use of any protective measures, and smoking status were significantly associated (P < 0.05) with respiratory morbidity [Tables 2 and 3 ]. However, after adjusting the effect of other variables, multiple logistic regression model shows that use of any protective measures, average daily working hours, and duration of working in rice mill were significant predictors of respiratory morbidity. The risk of respiratory morbidity was 12 times more among subjects who were not using any protective measures [adjusted odds ratio (AOR) = 12.828 (5.85-28.13)], almost six times more than who were working daily in rice mill for an average duration of 9 h or more [AOR = 5.978 (2.595-13.77)], and almost four times more than who were working in rice mill for 20 years or more [AOR = 3.968 (1.644-9.575)] than their counterparts.
Multiple logistic regression model was significant and good fit as evident from significant Omnibus test (P = 0.000) and non-significant Hosmer-Lemeshow test (P = 0.442). All the independent variables explained 45.1% of dependent variables as explained by Negelkerke R 2 statistic.
dIscussIon
Occupational lung disease is a lung condition that develops as a result of a person inhaling harmful substances at his or her workplace. Occupational lung diseases are the most common work-related illness, but fortunately many are preventable or controllable with proper treatment. They are mainly caused by dust that goes into lungs (pneumoconiosis). Assessing the risk of such occupational morbidity helps in identifying appropriate measures for prevention and control.
The present cross-sectional study was conducted among 248 eligible rice mill workers; 50.8% were below 40 years age group, and the mean age was 38.89 ± 9.013 years and there were no workers belonging to geriatric and child age group. Three-fourths were male. Most of them (62.90%) were from lower-middle class family, and none of them was from upper or upper middle-class family. Almost similar characteristics of the workers were reported in earlier studies by Prakash et al. [18] (majority of the workers were in the age group of 25-35 years (43%) with 80% male and 46.66% from lower socio-economic status) and Musal et al. [7] (mean age of the workers was 40.17 years (SD = 8.86 years)]. The spirometry findings/PFT parameters in our study revealed that respiratory morbidity was present among 40.73% subjects, and among them obstructive lung disease was more prevalent than restrictive lung diseases. Ghosh et al. [19] and Prakash et al. [18] also reported a slightly higher prevalence of respiratory morbidity as 44.2% and 42.66%, respectively, which might be due to different sampling techniques. In the absence of Personal Protective Equipments (eg. mask, respirator), workers reported to use their personal clothes (towel) as protective measures.
This study revealed that the presence of respiratory morbidity was significantly more among workers who were not using any protective measures [AOR = 12.828 (5.85-28.13)], working daily in rice mills for 9 h or more [AOR = 5.978 (2.595-13.77)], and also among those who were working in rice mill for 20 years or more [AOR = 3.968 (1.644-9.575)]. Clearly, increased duration of exposure and non-use of any protective measures were found to increase the risk of [21] respiratory morbidity. Similar observations of significant association between duration of employment and the presence of respiratory morbidity among workers were reported by Ghosh et al. [19] and Prakash et al. [18] Significant association between respiratory morbidity and duration (years) of working in rice mill was reported by Musal et al. [7] Another study [22] conducted in the mills of Amritsar district with a comparison group showed that an increase in the duration of work in rice mill adversely affects most of the PFT parameters.
The study indicated that a considerable proportion of workers were having respiratory morbidity, with majority of them having obstructive type of morbidity. Although a larger sample size would have been required to estimate the pattern (obstructive/restrictive) of morbidity and its severity (mild/moderate/severe). Other limitations of the study are as follows: Etiologic diagnosis of respiratory morbidity was not possible by spirometry, the maneuver during spirometry is highly dependent on co-operation, and effort of individuals.
Since the results are dependent on individual, there may be under-estimation of FVC, and finally as this was a cross-sectional study, temporal association could not be established.
In spite of these limitations, the major strengths of our study are as follows: Workers who were directly involved in the process were included for accurate measurement of prevalence of respiratory morbidity and cross-checked by means of physical examination and review of records.
Respiratory morbidity was diagnosed not by their symptoms, but by spirometry at a time convenient for workers and also in the same time period of a day to maintain uniformity and to avoid any diurnal variation. Thus, chance of false-positive interpretation was minimized. Primary treatment, necessary advice, and health education were provided mainly to workers who had any respiratory morbidity.
conclusIon
Respiratory morbidity is quite high in this area, particularly obstructive lung diseases being predominant among rice mill workers. The duration of exposure and non-use of protective measures were significant determinants for respiratory morbidity among rice mill workers in Burdwan municipality area. As the duration of exposure to dust increases, the respiratory morbidity increases which can be explained by dose-response relationship. Awareness generation among workers, provision and promotion of use of protective devices (such as respiratory mask), and provision of occupational health services (such as pre-placement examination, periodic physical examination, and health educational activities) as per the norms of The Factories Act, 1948 and also The Employees' State Insurance Act, 1948 to improve health, welfare, and safety of the workers are some of the measures to be implemented with priority. 
